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Mo1va1on	
v From	the	P5	report:	

§  “The	Phase-2	luminosity	upgrade	(HL-LHC)	is	required	to	fully	exploit	the	
physics	opportuniIes	offered	by	the	ulImate	energy	and	luminosity	
performance	of	the	LHC.”	

v Addresses	three	of	the	five	science	drivers	idenIfied	by	P5:	
§  Use	the	Higgs	boson	as	a	new	tool	for	discovery	
§  IdenIfy	the	new	physics	of	dark	ma`er	
§  Explore	the	unknown:	new	parIcles,	interacIons,	and	physical	principles	
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8	TeV	7	TeV	

The	HL-LHC	Plan	
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CERN	Experiment	Upgrade	Approval	Process	

v  CERN	management,	in	coordinaIon	with	the	Resource	Review	Board	
(RRB),	has	idenIfied	a	four-step	HL-LHC	approval	and	verificaIon	process:	

1)  The	overall	scope	and	cost	for	the	en1re	upgrade	program	for	each	experiment	
will	be	defined,	with	the	possibility	to	maintain	different	opIons	which	may	
depend	on	technical	issues	and/or	on	funding	availability.	

2)  The	detailed	technical	design	reports	for	the	various	subsystems	will	be	
reviewed.	These	TDRs	will	naturally	come	at	different	Imes	depending	on	the	
maturity	of	the	projects,	and	will	be	reviewed	individually,	with	the	requirement	
that	each	fits	in	the	overall	approved	plan	for	scope	and	cost	(Project	Baseline)	

3)  The	final	design	and	construc1on	readiness	of	the	major	detector	components	
will	be	reviewed.	As	in	the	second	step,	different	sub-systems,	and	in	some	cases	
also	different	elements	of	the	subsystems,	will	be	ready	at	different	Imes,	and	
will	be	reviewed	accordingly,	with	the	requirement	that	they	are	compaIble	with	
the	overall	construcIon	and	installaIon	plan	(Start	of	ConstrucIon).	

4)  As	sub-systems	are	coming	together	in	the	experiment,	an	opera1on	readiness	
review	should	be	held	to	evaluate	the	capability	of	the	completed	detectors	to	
provide	the	expected	performance	and	mark	the	end	of	the	Phase	II	upgrade	
construcIon	project.	(Project	CompleIon).	
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Upgrade	Approval	Process	
v  In	preparaIon	for	Step	1,	the	experiments	were	asked	to	present	their	

plans,	including	the	impact	on	physics	for	three	possible	funding	scenarios:	
§  200,	235	and	275	MCHF	in	units	of	“CORE	COST”.	
§  The	experiments	were	also	asked	to	submit	a	preliminary	money	matrix	

specifying	the	potenIal	available	funding	from	various	FAs.	

v  In	response	to	this	request,	ATLAS	has	put	together	a	“scoping	document”	
detailing	the	upgrade	opIon	for	each	scenario,	the	physics	impact	and	the	
preliminary	“money	matrix”.	
§  ATLAS	Scoping	Document:	h`ps://cds.cern.ch/record/2055248	(DocDb	#	45)	

v  This	was	reviewed	by	the	LHC	Experiments	Commi`ee	(LHCC,	chaired	by	F.	
ForI)	and	by	the	Upgrade	Cost	Group	(UCG,	chaired	by	S.	Smith),	and	their	
conclusions	reported	to	Resource	Review	Board	(RRB)	(10/15)	
§  “Both	experiments	have	a`ained	a	level	of	preparaIon	and	understanding	that	

meet,	and	in	some	areas	exceed,	requirements	for	Step	1	approval.”	
§  “The	ATLAS	and	CMS	Phase	II	upgrade	projects	are	ready	to	proceed	to	Step	2	

[TDR]	that	will	establish	a	baseline	cost	and	schedule	for	construc1on.”	
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Summary	of	LHCC/UCG/RRB:	
(h`ps://indico.cern.ch/event/407749/)	

Based	on	the	LHCC/UCG	findings	and	the	subsequent	endorsement	by	
the	CERN	Management,	the	following	statement	was	endorsed	by	the	
RRB	:	
“The	RRB	considers	the	Step	1	of	the	approval	process	for	the	Phase	II	
Upgrades	for	the	ATLAS	and	CMS	experiments	successfully	completed.	

A	scale	of	funding	between	the	full	funding	and	the	intermediate	scenario	
seems	to	meet	the	performance	requirements.	

The	CERN	Management,	supported	by	the	recommendaJons	of	the	LHCC	and	
the	UCG,	deems	as	realisJc	the	availability	of	prospecJve	funds	contained	in	
the	preliminary	“Money	Matrices”	submiNed	by	the	experiments.	

The	experiments	are	therefore	encouraged	to	proceed	to	the	next	step	of	the	
Phase	II	upgrades,	as	described	in	the	document	CERN-LHCC-2015-007.	The	
LHCC	and	the	UCG	as	well	as	the	Management	will	regularly	update	the	RRB	
on	progress	of	the	process.”	
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Interna1onal	ATLAS	Planning	for	HL-LHC	



HL-LHC	Upgrades	

v  The	current	ATLAS	detector	was	designed	to	operate	at	a	
luminosity	of	1034	cm-2	s-1,	~25	interacIons/p-bunch-crossing	and	a	
100	kHz	Level-1	trigger	rate	for	an	integrated	luminosity	~	300	k-1.	
§  The	ongoing	construcIon	for	Phase	I	upgrades	is	focused	on	providing	

addiIonal	triggering	capabiliIes	to		allow	operaIon	at	~2	x	1034	cm-2	s-1.	
v  The	HL-LHC	upgrades	for	the	ATLAS	detector	are	driven	by:	

§  The	aging	of	the	Inner	Tracker,	mostly	due	to	radiaIon.	
§  Increased	occupancy	and	data	volumes	saturaIng	readout	links	of	the	

exisIng	readout	electronics.	
§  The	need	to	maintain	low	triggering	thresholds	with	increasing	trigger	

rates,	to	maintain	physics	acceptance.	
§  PreparaIon	for	running	over	a	decade	at	very	high	luminosity	

o  >	5	x	1034	cm-1	s-1	with	140-200	interacIons/crossing	
o  ParIcle	fluxes	and	energy	deposiIon	~5	Imes	higher	than	original	design	
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The	ATLAS	Detector	
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The	Upgrades	
v  Consequently,	the	primary	elements	of	the	detector	upgrades	in	the	

reference	scenario	include:	
§  Full	Replacement	of	the	Inner	Tracker	with	an	all-Si	technology	

o  Driven	by	the	need	to	maintain	tracking	performance	in	a	high	
radiaIon,	high	occupancy	environment	and	to	provide	addiIonal	
acceptance	in	the	very	forward	region.	

§  New	Trigger/DAQ	architecture	
o  Driven	by	the	need	to	retain	low	pT	thresholds	at	high	luminosity	to	

maintain	physics	acceptance	and	to	handle	increased	DAQ	rates.	
§  New	readout	electronics	for	all	systems	

o  Driven	by	the	need	to	handle	increased	readout	data	rates	and	
providing	addiIonal	handles	for	the	trigger	stage.	

§  Other	OpIons	under	consideraIon	include:	
o  Replacement	of	the	Forward	calorimeter	and	the	innermost	Muon	

chambers,	installaIon	of	a	forward	Iming	detector	&	forward	muon	tagger.	
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ATLAS	HL-LHC	Documents	
v ATLAS	HL-LHC	Le`er	of	Intent	(LoI)	completed	and	endorsed	

by	collaboraIon	at	end	of	2012	
§  h`ps://cds.cern.ch/record/1502664	(DoCDb#	69)	
§  Provides	a	descripIon	of	the	Phase	II	upgrades	with	physics	

jusIficaIon	and	an	iniIal	cost	esImate.	

v The	“scoping	document”	was	released	on	9/2015:	
§  h`ps://cds.cern.ch/record/2055248	(DoCDb#	45)	
§  The	document	described	the	proposed	“Reference	Detector”	for	the	

HL-LHC	(corresponding	to	Core	cost	of	271	MCHF)	with	possible	
reducIons	corresponding	to	the	Middle	Scenario	(228	MCHF)	and	Low	
Scenario	(200	MCHF)	and	the	corresponding	physics	impact:	

–  Performance	and	physics	reach	is	significantly	enhanced	with	
the	Reference	Scenario.	In	some	physics	searches,	x2	(x4)	
integrated	luminosity	is	required	in	the	Middle	(Low)	Scenario	
to	achieve	the	same	significance	as	the	Reference	Scenario.	
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The	Reference	Detector	
v  The	Silicon	Tracker	(ITk):	4	layers	of	pixel	detector	and	5	layers	of	

Strip	Detector	and	an	extension	of	tracking	to	|η|	=	4.0.	
§  A	task	force	is	in	place	to	further	opImize	this	layout	by	mid-2016	

(cost-neutral	wrt	reference	scenario).		
v  LAr	Calorimeter:	Full	readout	electronics	upgrade	to	allow	40	MHz	

streamed	off	detector	for	trigger	consideraIon.		
§  A	forward	Calorimeter	and	a	Iming	detector	has	also	been	included.	

v  Tile	Calorimeter:	Full	readout	electronics	upgrade	to	allow	40	MHz	
streamed	off	detector	for	finer	trigger	consideraIon.	

v Muon	System:	Replacement	of	all	on-chamber	electronics,	and	
replacement	of	MDTs	with	sMDT+RPC	in	the	inner-barrel	region.		

v  Trigger/DAQ:	Two	level	hardware	trigger	(L0/L1)	with	a	max	rate	of	
1	MHz/400	kHz	with	6	µs/30	µs	latency	and	10	kHz		to	disk.	
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ATLAS	Core	Cost	Summary	
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EsImated	spending	profile	for	the	reference	
scenario	for	each	sub-system	shown	above.	 EsImate	for	Ref.	scenario	&	reducIons	for	Mid/Low	

Sub System 
(Core Cost in MCHF) 

Reference 
Detector 

Middle 
Scenario 

Low 
Scenario 

Silicon Tracker (ITk)  120.4 -7.2 -23.6 

LAr Calorimeter 46.0 -13.6 -13.6 
Tile Calorimeter 8.6 -  - 
Muon System 34.1 -8.8 -12.8 
Trigger/DAQ 43.3 -11.4 -18.2 
Forward Detector 1.3  -  - 
Integration & Installation 17.4 -1.6 -3.0 

TOTAL 271.1 -42.6 -71.2 

v  The	cosIng	for	each	sub-system,	incl.	profile,	has	been	worked	out	in	detail.	Major	
input	from	US	experts	and	managers	and	experience	from	Phase-I	in	this	process.	
§  The	ITk	has	the	longest	construcIon	Ime	and	requires	funding	early	on.	ProducIon	phase	

for	ITk	is	expected	to	begin	in	FY19.	

v  ATLAS	management	has	gathered	input	from	all	countries	on	their	potenIal	
contribuIons	to	the	HL-LHC	upgrades,	which	has	been	discussed	with	LHCC/UCG.		
§  IniIal	consultaIon	suggests	a	realisIc	possibility	for	securing	the	needed	funds.		
§  U.S.	contribuIon	is	planned	to	be	~20%	of	the	“core	cost”,	comparable	to	its	“fair-share”.	

TOTAL	

ITk	

CY	



U.S.	ATLAS	Planning	for	HL-LHC	



U.S.	ATLAS	
v The	process	of	finalizing	US	contribuIons	to	ATLAS	HL-LHC	

upgrades	is	complex	:	involving	coordinaIon	between	US	
groups,	internaIonal	ATLAS,	and	US	funding	agencies.	

v Key	Steps	that	have	been	completed	include:	
§  Phase-II	organizaIon	in	place	with	acIng	project	managers.	
§  AspiraIons	based	on	experience	and	experIse	of	US	groups	collected.	
§  Top-Down	prioriIzaIon	based	on	uniqueness	of	US	contribuIons,	

budget	profiles	and	baseline	to	meet	funding	guidance	
§  IdenIfy	scope	for	DOE	and	NSF	deliverables	that	meet	their	budget	

guidance.	
§  Bo`om-Up	cost	esImate	of	US	proposed	deliverables,	incl.	Labor.	

o  WBS,	Scope,	Cost	Books,	BoE,	Risks,	and	ConIngency,	available	
for	review	
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Details	will	be	presented	in	the	breakout	sessions	



U.S.	ATLAS	HL-LHC	Organiza1on	
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DOE:	Guidance	&	Process	
v Current	R&D	will	be	supported	by	the	U.S.	ATLAS	OperaIons	

Program	unIl	HL-LHC	project	funds	(OPC)	materialize.	
§  OPC	funds	are	planned	to	support	prototyping	effort	prior	to	start	of	

producIon.			

v CD-0	for	HL-LHC	is	expected	early	2016.	This	will	allow	OPC	
funds	to	begin	flowing	in	FY17.	

v Given	our	experience	with	Phase	I,	we	expect		CD-1	will	take	
place	1	–	1.5	years	aver	CD-0,	followed	by	a	CD-2/3		(by	~	end	
of	2018).	
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(M$)	 FY17	 FY18	 FY19	 FY20	 FY21	 FY22	 FY23	 FY24	 Total	

OPC	 1.25	 14.0	 15.25	

TEC	 31.5	 42.3	 26.1	 20.1	 10.0	 4.75	 134.75	

TPC	 1.25	 14.0	 31.5	 42.3	 26.1	 20.1	 10.0	 4.75	 150.00	



NSF:	Guidance	&	Process	
v U.S.	ATLAS	and	U.S.	CMS	will	submit	a	joint	MREFC	proposal,	

with	an	expected	funding	of	up	to	$75M	per	experiment.	
§  In	pracIce,	two	proposals	under	a	unified	MREFC	umbrella.	
§  Science	Case	document	completed	in	May	2015	and	NSF	Director	has	given	

permission	to	move	forward	to	a	Conceptual	Design	Review	(CDR).	
§  We	are	currently	preparing	for	the	CDR,	including	puxng	together	a	Project	

ExecuIon	Plan	(PEP).	We	are	targeIng	the	CDR	for	March	2016.	
o  This	will	be	followed	with	a	Preliminary	Design	Review	(PDR).	Following	a	

successful	PDR,	NSF	will	submit	a	single	MREFC	appropriaIon	request	for	
construcIon	as	part	of	FY20	budget	request	to	Congress.	Two	separate	awards	
will	be	made	to	fund	US	ATLAS	and	US	CMS	proposals.	

o  A	Final	Design	Review	will	occur	early	FY20	prior	to	the	release	of	MREFC	funds.	

v  Two	sources	of	funds	to	support	R&D	and	prototyping	through	FY20:	
§  U.S.	ATLAS	OperaIons	Program,	that	will	contribute	~$1M	per	year.	
§  AddiIonal	“planning	funds”	(~$1.5M/yr)	will	be	sought	directly	from	NSF	for	

the	period	FY17-FY20.	Encouraging	discussions	with	NSF	ongoing.	
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U.S.	Scope	
v U.S.	ATLAS	has	defined	the	scope	of	its	potenIal	contribuIons	

to	the	HL-LHC	upgrades.	
§  Driven	by	the	interests	and	experience	of	the	U.S.	groups.	
§  Discussion	within	collaboraIon	and	building	of	consensus	was	vital.	
§  AcIve	discussions	with	internaIonal	ATLAS	at	all	levels	to	ensure	that	U.S.	

planning	is	integrated	at	the	overall	collaboraIon	level.	

v DOE	Scope:	
§  Focuses	on	the	producIon	of	the	Barrel	ITk	(Pixel	and	Strip	detector)	and	

associated	common	support	infrastructure;	DAQ	hardware	focusing	on	data	
flow	elements,	and	FE	analog	chip	development	for	LAr.	

§  Significant	involvement	of	four	naIonal	Labs:	ANL,	BNL,	LBNL,	SLAC	and	
leveraged	with	University	contribuIons.	

v NSF	Scope:	
§  Development	of	the	trigger	and	readout	electronics	for	LAr,	Tile,	Muons	in	

support	of	providing	robust	trigger	strategies	at	high	luminosiIes.	
§  Significant	involvement	of	NSF	supported	UniversiIes.	
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Project	Organiza1on	(L2)	

January	20,	2016	 HL-LHC	Upgrades:	Project	Overview	 21	

*:	A	small	fracIon	of	the	LAr	deliverable	falls	under	DOE	scope	



Basis	Of	Es1mates	(BoE)	
v BoE’s	have	been	prepared	for	each	deliverable	providing	

details	about	the	scope	and	cost	jusIficaIon.		
§  Much	of	the	M&S	costs	were	esImated	at	the	internaIonal	ATLAS	level.	

o  That	used	iniIal	vendor	quotes,	scaling	from	prototypes,	or	prior	
experience	to	esImate	the	costs.	

§  A	list	of	sub-deliverables	(items)	and	associated	tasks	were	defined	for	
each	deliverable.		
o  This	allowed	us	to	esImate	the	amount	of	Labor	(FTE)	needed	for	each	

task.	Many	of	these	esImates	are	based	on	prior	experience	(incl.	Phase	I	
upgrades),	working	with	prototypes,	or	discussions	with	engineering	
experts.	

o  InsItuIonal	Labor	rates	were	used	in	determining	the	associated	costs	
that	includes	the	standard	inflaIon	for	out-years.	

o  Travel	costs	were	also	included.	

§  The	L2	managers	are	prepared	to	discuss	the	details	of	these	cost	
esImates	at	their	respecIve	breakout	sessions.	
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Risks	
v  A	drav	Risk	Management	Plan	document	has	been	prepared,	based	

on	Phase	I.	The	intent	is	to	provide	a	structured	and	integrated	
process	for	managing	project	risks	in	three	categories:	cost,	
schedule	and	scope/technical	performance.	

v  In	addiIon,	we	have	prepared	two	preliminary	Risk	Registries:	
§  Deliverable	Risk	Registry	and	a	Global	Risk	Registry	

v  Deliverable	Risk	Registry:	(Principal	risks)	
§  For	each	deliverable,	we	have	idenIfied	the	primary	Cost,	Schedule	and	

Technical	Risks	associated	with	it.		We	have	set	a	flag	“Low”,	“Moderate”,	
“High”	to	describe	the	severity	of	the	risk.	

v Global	Risk	Registry:	
§  In	addiIon	to	deliverable	risks,	we	have	idenIfied	iniIal	general	risks	with	an	

associated	severity,	that	may	have	an	impact	on	mulIple	deliverables.	

v While	we	have	idenIfied	these	risks,	their	quanItaIve	assessment	and	
translaIng	that	into	a	conIngency	will	be	done	as	the	project	advances.	
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Con1ngency	Es1mates	
v  A	top-down	conIngency	has	been	set	for	each	L2	following	the	

guidelines	that	have	been	adopted	from	Phase	I	project.	

	

§  LAr,	Tile	&	Muon	readout	Electronics:	Adapted	from	earlier	designs.	Good	
confidence	in	effort	based	on	experience	from	original	construcIon/Phase	I.	

§  ITk:	Ongoing	R&D	effort	with	designs	not	fully	converged.	And	labor	esImated	
from	previous	similar	experience	and	work	on	prototypes.	

§  Trigger/DAQ:	Final	architecture	not	yet	in	place	with	tasks	not	fully	defined,	
however	experience	from	previous	effort.	

§  Common	and	Project:	High	confidence	in	esImated	effort.	
§  In	addiIon,	a	preliminary	global	conIngency	of	5%	has	been	included	

to	cover	idenIfied	global	risks	based	on	Phase	I	experience.	
§  The	total	budget	conIngency	for	the	project	is	43%	
§  We	are	also	developing	a	scope	conIngency	as	part	of	the	risk	

miIgaIon	strategy	in	conjuncIon	with	the	budget	conIngency.	
January	20,	2016	 HL-LHC	Upgrades:	Project	Overview	 24	

6.1	 6.2	 6.3	 6.4	 6.5	 6.6	 6.7	 6.8	 6.9	 6.10	
Pixel	 Strip	 Glb.	Mech	 LAr	 Tile	 Muon	 Trigger	 DAQ	 Common	 Prj.	Mgmt	
45%	 45%	 45%	 35%	 35%	 35%	 50%	 50%	 25%	 20%	



DOE	Cost	Summary	
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Details in the breakout sessions 



NSF	Cost	Summary	
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Details in the breakout sessions 



Key	DOE/NSF	dates	
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Addressing	the	Charge	
1.  Design:	Summarized	in	Hal’s	talk,	details	in	L2	managers	talks.	
2.  R&D:	A	summary	in	L2	manager’s	talk,	and	a	dedicated	talk	

during	breakout	session	
3.  Scope:	Covered	in	Hal’s	talk	and	detailed	in	L2	talks.	
4.  Cost	&	Schedule:	Summary	in	this	talk	+	mgmt	breakout,	L2’s	

will	provide	details	of	their	respecIve	systems	+	BoEs.	
5.  Risks:	Summary	in	this	talk	+	mgmt	breakout,	Deliverable	risk	

will	be	described	by	respecIve	L2	managers.	
6.  Management	&	ES&H:	This	talk	+	mgmt	breakout.	
7.  DocumentaIon:	NSF	CDR	and	PEP	described	in	Mike’s	talk.	
v  	DocumentaIon	for	all	of	the	above	can	be	found	at:		
h`p://www.usatlas.bnl.gov/HL-LHC/reviews/Director's_Review_Jan_2016/	
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Backup	



CERN	Organiza1on	
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ATLAS	Organiza1on	
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DOE	(Latest	Guidance)	
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  DOE: HL-LHC ATLAS Detector Upgrade Project (AY$ Millions) 

Fiscal	Year	 2016 2017 2018 2019 2020 2021 2022 2023 2024 Total 
Other	Project	Costs	 1.5 5.0 14.0             20.5 
Total	Equipment	Costs	       31.5 42.3 26.1 20.1 10.0 4.5 134.5 
Total	Project	Costs	 1.5 5.0 14.0 31.5 42.3 26.1 20.1 10.0 4.5 155.0 

[1]	Funding	for	Other	Project	Costs	(OPC)	in	FY	2016	will	be	redirected	from	the		
U.S.	ATLAS	OperaIons	program.	The	FY	2017	budget	request	shows	$1.25	million		
for	HL-LHC	ATLAS	Upgrade	OPC.	It	may	be	necessary	to	redirect	addiIonal	funds		
from	the	U.S.	ATLAS	operaIons	program	to	support	the	conceptual	design.	

All	planning	and	presentaIons	at	this	review	are	based	on	the	original		
guidance.	



R&D	Budgets	
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		 FY	16	 FY	17	 FY	18	 FY	19	 FY	20	 Total	(AYk$)	
LAr	 547	 683	 900	 1050	 300	 2933	
TileCal	 632	 513	 312	 659	 335	 1819	
Muons	 191	 222	 681	 1297	 506	 2706	
Trigger	 0	 220	 390	 366	 461	 1437	
Total	(NSF)	 1370	 1638	 2283	 3372	 1602	 8895	
		 		 		 		 		 		 		
LAr	 200	 200	 		 		 		 400	
ITk	 2912	 1600	 		 		 		 4512	
Total	(DOE)	 3112	 1800	 		 		 		 4912	

On	DOE	side:	transiIon	to	OPC	funds	in	FY17.	[New]	OPC	guidance	in	FY17	set	at	$1.25M.		
Insufficient	to	sustain	compleIon	of	the	design	work.	AddiIonal	planned	contribuIon		
from	OperaIons	Program	is	$1.8M	for	ITk	and	LAr,	for	a	total	available	funds	=	$3.05M.		
	
On	the	NSF	side:	$1M	per	year	from	FY17	–	FY20	planned	support	from	OperaIons		
Program,	AddiIonal	$1.5M/year	for	4	years	from	addiIonal	“Planning	Funds”.		
Total	available	pre-MREFC	funds	=	$10M.	



Project	Office	(Project	supported)	
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		 FY17	 FY18	 FY19	 FY20	 FY21	 FY22	 FY23	 FY24	 FY25	 Total	 Descrip1on	
DOE	Project	Supported	Project	Office	Staff	 		
Project	Manager	 0	 1	 1	 1	 1	 1	 1	 1	 0.5	 7.5	 Oversight	and	Management	of	Project	
Project	Engineer	 0	 1	 1	 1	 1	 1	 1	 1	 0	 7	 Technical	oversight	
Finance/Scheduler	1	 0	 1	 1	 1	 1	 1	 1	 1	 0.5	 7.5	 Project	tracking	and	reports	
Finance/Scheduler	2	 0	 0	 1	 1	 1	 1	 1	 1	 0	 6	 Project	tracking	and	reports	
P6	contractor	 1	 1	 1	 0.75	 0.75	 0.375	0.375	 0.25	 0	 5.5	 Development	and	management	of	P6	tools	
Adminstrator	 0	 0.5	 0.5	 0.5	 0.5	 0.5	 0.5	 0.5	 0.5	 4	 General	administraIon	
Sub-System	Integrator	 0	 0.44	 1.2	 1.2	 1.2	 1.2	 1.2	 0.6	 0	 7.04	 Develop	and	verify	interface	compliance	
		 		 		 		 		 		 		 		 		 		 		 		
NSF	Project	Supported	Project	Office	Staff	 		
Deputy	Project	
Manager	 		 		 		 0.375	 0.75	 0.75	 0.75	 0.75	 0.375	 3.75	 Oversight	and	Management	of	Project	
System	IntegraIon	 		 		 		 0.5	 1	 1	 1	 1	 0	 4.5	 Develop	and	verify	interface	compliance	
Financial	Analyst	 		 		 		 0.25	 0.5	 0.5	 0.5	 0.5	 0	 2.25	 Project	tracking	and	reports	
Administrator	 		 		 		 0.25	 0.5	 0.5	 0.5	 0.5	 0.5	 2.75	 General	AdministraIon	
Project	Controls	 		 		 		 0.5	 1	 1	 1	 1	 0.25	 4.75	 Budget	administrator	

AddiIonal	off-project	support	for	FY16	–	FY17	(for	DOE)	and		
FY16	–	FY20	(for	NSF),	next	slide	



Project	Office	(Off-Project)	

January	20,	2016	 HL-LHC	Upgrades:	Project	Overview	 35	

		 FY16	 FY17	 FY18	 FY19	 FY20	 Total	 Funding	Source	
DOE	Off-Project	Supported	Project	Office	Staff	
Project	Manager	 0.5	 0.5	 0	 0	 0	 1	 Research	Program	
Project	Engineer	 0	 0	 0	 0	 0	 0	 		
Finance/Scheduler	1	 0.5	 0.5	 0	 0	 0	 1	 OperaIons	Program	
Finance/Scheduler	2	 0	 0	 0	 0	 0	 0	 		
P6	contractor	 0.25	 0	 0	 0	 0	 0.25	 OperaIons	Program	
Adminstrator	 0.25	 0.25	 0	 0	 0	 0.5	 OperaIons	Program	
Sub-System	IntegraIon	 0	 0	 0	 0	 0	 0	 		
		 		 		 		 		 		 		 		
NSF	Off-Project	Supported	Project	Office	Staff	
Deputy	Project	Manager*	 0.17	 0.17	 0.17	 0.17	 0.375	 1.055	 Ops/Planning	Funds	
System	IntegraIon	 0	 1	 1	 1	 0.5	 3.5	 Planning	Funds	
Financial	Analyst	 0	 0	 0	 0	 0.25	 0.25	 Planning	Funds	
Administrator	 0.25	 0.5	 0.5	 0.5	 0.25	 2	 Ops/Planning	funds	
Project	Controls	 0.5	 1	 1	 1	 0.5	 4	 Ops/Planning	funds	
*	:	AddiIonally	supported	by	Research	Program	to	ensure	a	total	of	0.5	FTE	level	effort	

Off-Project	funds	also	support	members	of	Management	Team,ES&H	&	QA/QC	Liaison		



PO:	FY16-FY17	effort	descrip1on	
v  First	sub-system	to	be	supported	using	Project	Funds	is	the	ITk	Strip	

Detector:	
§  Sexng	up	accounts	for	Strips	(supported	by	project	beginning	FY17):	6	

insItuIons	and	11	accounts	
§  Setup	MOU	&	contracts	with	these	insItuIons	
§  Setup	status	reporIng	(technical	&	financial)	and	tracking	status	
§  Invoice	approvals	

v  UpdaIng	cost	esImates	and	BoEs	for	all	sub-systems	
v  Sexng	up	P6	infrastructure	

§  uploading	data	
§  validaIon	and	consistency	checks	

v  PreparaIon	for	CD-1	review	
v  Preparing	for	FY18	and	projecIzing	all	sub-systems		
v  IncorporaIng	recommendaIons	of	various	reviews	

§  Revising	P6	with	detailed	schedules	and	milestones	
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ATLAS	Upgrade	Approval	Process	
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v  Within	each	subsystem	there	are	discussions	and	reviews	of	components	
v  Once	R&D	is	sufficiently	mature,	the	subsystem	leaders	schedule	an	IniIal	

Design	Review	(IDR)	based	on	a	comprehensive	design	document	
§  Overall	performance,	technical	requirements,	iniIal	cost	esImate,	

preliminary	schedule	and	milestones		
v  The	sub-system	project	is	formalized	and	launched	aver	the	IDR	is	

completed.	IniIal	insItuIonal	interests	to	the	upgrades	are	collected.	

v  The	project	moves	to	the	TDR		
stage.	Final	commitments	are	
made	following	the	compleIon		
of	the	TDR.	These	MoUs	specify		
the	formal	engagements	with		
each	country.	
 



Core	Cost	Es1mate	
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    US CORE Cost (k$) US Total 
ATLAS 
Total US 

WBS Description FY18 FY19 FY20 FY21 FY22 FY23 FY24 Total kCHF kCHF Fraction 

6.1 Pixels - 400  4,723  3,533  419  589  567  10,231  9,719  43,750  22% 

6.2 Strips 427  5,041  3,771  1,036  646  - - 10,921  10,375  60,530  17% 

6.3 ITK Common - - 1,450  1,105  125  - - 2,680  2,546  16,080  16% 

6.4 Liquid Argon - - - 1,777  2,025  1,888  1,050  6,740  6,403  45,980  14% 

6.5 TileCal - - 708  1,003  149  26  - 1,886  1,792  8,580  21% 

6.6 Muon - - 236  1,719  1,004  1,831  - 4,790  4,551  34,080  13% 

6.7 DAQ/Data - - - - 703  1,393  - 2,095  1,990  43,310  18% 

6.8 Trigger - - - - 649  5,507  - 6,156  5,848      

  Forward                   1,300    

6.9 Common - - 3,526  - - - - 3,526  3,350  17,420  19% 

  TOTAL 427  5,441  14,414  10,174  5,719  11,233  1,617  49,025  46,574  271,030  17% 

Core	Cost	:	closest	equivalent	is	the	M&S	without	prototypes	or	conIngencies	added		



Cost	Books	
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Labor	
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DOE	On-Project	Labor	Effort	
		 FY17	 FY18	 FY19	 FY20	 FY21	 FY22	 FY23	 FY24	 FY25	 Total	
Management	 0	 1	 1	 1	 1	 1	 1	 1	 0.5	 7.5	
Engineer	 4.67	 20.74	 23.61	 27.05	 21.13	 15.55	 8.48	 3.6	 0	 124.83	
Technician	 1.8	 20.01	 33	 39.85	 33.58	 28.1	 2.08	 1	 0	 159.42	
Student	 0.04	 7.19	 9.9	 11.4	 10.91	 10.71	 1.9	 0	 0	 52.05	
Admin/Proj.	Controls	 1	 2.5	 3.5	 3.25	 3.25	 2.88	 2.88	 2.75	 1	 23.01	
Total	 7.51	 51.44	 71.01	 82.55	 69.87	 58.24	 16.34	 8.35	 1.5	 366.81	
NSF	On-Project	Labor	Effort	
		 FY17	 FY18	 FY19	 FY20	 FY21	 FY22	 FY23	 FY24	 FY25	 Total	
Management	 0	 0	 0	 0.38	 0.75	 0.75	 0.75	 0.75	 0.38	 3.76	
Engineer	 0	 0	 0	 17.28	 26.19	 20.9	 15.37	 8.83	 0	 88.57	
Technician	 0	 0	 0	 10.02	 14.57	 14.95	 7.57	 4.65	 0	 51.76	
Student	 0	 0	 0	 5.99	 11.97	 12.38	 5.82	 2.04	 0	 38.2	
Admin/Proj.	Controls	 0	 0	 0	 1	 2	 2	 2	 2	 0.75	 9.75	
Total	 0	 0	 0	 34.67	 55.48	 50.98	 31.51	 18.27	 1.13	 192.04	



Labor	
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Global	Risk	Registry	(par1al)	
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DocDb	91:	Linked	from	h`p://www.usatlas.bnl.gov/HL-LHC/reviews/Director's_Review_Jan_2016/		



Deliverable	Risk	Registry	(par1al)	
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DocDb	77:	Linked	from	h`p://www.usatlas.bnl.gov/HL-LHC/reviews/Director's_Review_Jan_2016/	



Current	ATLAS	Schedule	
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CY	



Schedule	(DOE)	
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Schedule	(NSF)	
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Schedule	Float	(DOE)	
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6.a.x.b:	a	=	sub-system,	x	=	insItute,	b	=	deliverable	



Schedule	Float	(NSF)	
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6.a.x.b:	a	=	sub-system,	x	=	insItute,	b	=	deliverable	



ATLAS	Schedule	for	Strips	
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Scope	(DOE)	
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Scope	(NSF)	
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ATLAS	Major	Scoping	Decisions	
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Technical	Design	Review	for	all	sub-systems	scheduled	before	end	of	CY	2017.	

System	 TDR	 Technical	Decision	(Date)	
Pixels	 Q4	2017	 η	coverage:	4.0	vs	3.2	(Sep.	2016)	

layout/mechanics:	flat	vs	inclined	modules	(Sep.	2016)	
Strips	 Q4	2016	 layout:	move	to	4-strip/5-pixel	layers	(Summer	2015)	
Global	Mech			 Thermal	shield:	integrated	with	Outer	Cylinder	or	not	

(strip	TDR)	
Liquid	Argon	Q3	2017	 PA/Shaper	technology:	BNL	vs	French	(TDR)	

sFCAL	yes	or	no	(Jun.	2016)	
HGTD	yes	or	no	(May	2017)	

TileCal	 Q4	2017	 FE	chip:	3-in-1,	QIE,	FATALIC	(Sep.	2017)	
Muon	 Q2	2017	 replace	BI	chambers	with	sMDT/RPC	(spring	2016)	

TDC	technology:	ASIC,	FPGA,	VMM-like	(TDR)	
accessibility	of	inner	chambers	(TDR)	

Trigger	&	
DAQ	

Q4	2017	 architecture:	L0/L1	vs	L1-only	(Summer	2016)	



Scope	Con1ngency	
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System	 Scope	Con1ngency	 Savings	 Impact/Assump1on	
6.1	Pixels	 reduce:	LV	power,	supports,	stave	flex,	

bump	bonding,	modules	
$3.2M	 materials	picked	up	by	others	

6.2	Strips	 deliver	less	cores/modules/staves	 var	 UK	can	do	more	
6.3	Global	Mech	 thermal	barrier	 $0.3M	 may	not	be	required	
6.4	Liquid	Argon	 less	firmware	for	BE	produce	less	FEB2/

Otx/BE	Mbs	drop	PA/shaper	
$1M	$1M	$1M	 find	other	groups	may	lose	leadership	

may	==>	non-opt	readout	
6.5	TileCal	 drop	LV	box	assembly	 $0.4M	 find	other	group	
6.6	Muon	 drop	producIon	of	TDC	(design	only)	 $1.2M	 find	other	partners	
6.7	DAQ/Data	 produce	less	L1Track/FTK++	RTMs	 $0.7M	 find	other	partners	
6.8	Trigger	 drop	1	L1Global	Algorithm	produce	less	

L1Track/FTK++	MBs	
$0.4M	$1.1M	 find	other	group	find	others	or	

reduced	eff.	



Scope	Opportunity	
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System	 Scope	Opportunity	 Cost	 Benefit/Mo1va1on	
6.1	Pixels	 buy	20%	of	sensors	(cf	0%)	 $1.7M	 modules	use	US	sensors	
6.2	Strips	 none	 ---	 main	areas	assigned	
6.3	Global	Mech	 common	electr.	(DAQ)	 $1.5M	 US	experience	here	
6.4	Liquid	Argon	 sFCAL	HGTD	 $5.4M	$5.3M	 US-led	effort	significant	US	leadership	
6.5	TileCal	 produce	all	LVPS	(cf	50%)	 $1.1M	 reduce	external	dependency	
6.6	Muon	 contribute	to	power	supplies	 $2M	 may	be	needed	
6.7	DAQ/Data	 prod	all	L1Global	aggr's	(cf	50%)	30%	

FELIX	card	prod	(cf	15%)	
$0.7M	$0.5M	 reduce	external	dependency	all	

needed	for	ITK	integraIon	
6.8	Trigger	 add	1	L1Global	Algo	 $0.4M	 US	experIse	here	



ES&H	
v  ES&H	issues	will	be	integrated	into	all	phases	of	planning	and	

implementaIon	through	the	final	design	and	producIon	processes	of	the	
US	ATLAS	HL-LHC	project	through	Integrated	Safety	Management	(ISM)	

v  We	have	a	drav	ES&H	document	–	see	docDB	#2		
v  The	overall	safety	plan	assumes:	

§  The	Safety	Liaison	resides	at	BNL	(given	the	experience);	
§  The	safety	of	work	at	collaboraIng	insItuIons	is	the	responsibility	of	each	insItuIons	

safety	management	and	will	be	conducted	according	to	their	safety	protocols;	
§  The	safety	of	work	at	CERN	will	follow	the	safety	and	oversight	programs	at	CERN.	

v  The	Safety	Liaison	responsibiliIes	include	
§  Establishing	safety	procedures	and	rules;		
§  Interfacing	with	BNL	safety	organizaIons;	
§  Interfacing	with	collaboraIng	insItuIons	safety	managements;	
§  Establishing	training	that	is	needed	to	supplement	BNL	training	requirements;		
§  Ensuring	that	all	work	is	reviewed	and	approved	before	it	starts;	
§  RepresenIng	safety	concerns	at	engineering	and	design	reviews;		
§  ConducIng	incident	invesIgaIons	and	reporIng	findings	to	project	management.	
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